ABSTRACT
Introduction
Free and open market mechanism in the current globalized regime makes the financial markets susceptible to price volatility and performance stress. Today, diverse factors ranging from environmental forces to inherent fundamentals affect the market performance. A well-balanced portfolio may be sufficient to make investors capable of risk reduction.
However, many of the risk parameters are systematic in nature and its control ability in financial literature is often questioned. Hence, the investors seek innovative measures to manage their risk and derivatives are one of the prominent tools in the hands of investors to hedge their risk against market failures.
India is one of the leading producers of Rubber in the world. From the very beginning of global meltdown of 2008, there has been wild fluctuations in the prices of most commodities including rubber traded across the globe. The Financial Crisis caused some distractions and qualms in the future supply and demand for natural rubber that lead to higher rubber price volatility (Goh, Tan, Khor and Ng, 2016) . Though, there has been an uptrend in the prices of rubber in general, it has undergone serious price fluctuations over the years which, is more severe than that were prevailing during pre crisis days. Unstable prices of rubber in domestic and global markets put not only the producers, but also the traders and investors in financial distress and their conditions became more vulnerable during later years. Derivatives are found much effective in risk measurement and control (Easwaran and Ramasundaram, 2008) . If the markets are frictionless and functioning efficiently, changes in the spot prices of assets and its corresponding future prices would be expected to be perfectly contemporaneously correlated and not to be cross correlated (Brooks, 2012) . In the backdrop of this observation, it is very important to examine the hedging effectiveness and optimal hedge ratio of futures contract on exporters who are potentially interested in gaining access to a hedging vehicle.
The remainder of the paper proceeds as follows. Next section reviews existing studies on price discovery and hedging efficiency of derivative markets that happened in Indian and Global context. A brief sketch of the data and methodology is given in Section 3. Section 4 discusses the results of empirical analysis before concluding the research with its limitations and scope for future research in Section 5.
Literature review
Commodity Futures' and 'Derivatives' have been well recognised for the functions of risk management and forward pricing for a long time. During 1990s, the economic liberalisation in many countries led to increasing withdrawal of the government's intervention from the agricultural commodity sector, which made the agricultural prices dependent on the domestic and international market forces (UNCTAD, 1997; 1998). Consequently, the need for an efficient price risk management system for the protection of commodity sector from price volatility has been realised seriously (Ali and Gupta, 2011). Commodity futures and derivatives have a crucial role to play in the price risk management process, especially in agriculture (Easwaran and Ramasundaram, 2008) . The dependency of commodity market has been in upswing for the last few years, the same is fairly revealing in its growth trend (Massod and Chary, 2016) . Shanmugam and Dey (2011) claimed that the commodity market have performed better for all the stakeholders.
Studies examining the hedging efficiency of future contracts have come out in different market context. Loy (2002) analysed the potentials for income risk reduction and income variation for slaughter hog producers in Germany and Holland. The research found significant impact of hedging on income risk and variance and the optimal hedge ratio is smaller for variance compared to risk minimizing hedging strategy. Dharmasena, and Bessler, (2004) studied the efficiency of price discovery process using time series data from seven international black tea markets including India.
Results of unit root tests suggested that prices in Indian market are exhibiting random-walk like behaviour, while all non-Indian markets exhibited weak-form efficient as their prices showed random walk behaviour. Gupta and prices. In a similar study conducted on leading energy commodities, crude oil and natural gas, and on gold, the key asset for both investment and hedging during the global financial crisis, Nicolau and Palomba (2015) claimed that interactions between spot and futures prices clearly exist in the selected commodities and they mainly depend on commodity type and contracts maturity. A strong exogeneity operates in the case of the natural gas, while exogeneity generally is weak and depends on the contract maturity for crude oil. On the gold market potentials for price discovery and forecasting are almost absent.
In a perspective study conducted among brokers, Gupta, Chaudhary and Agarwal (2016) 
Data and methodology

Data
The study solely bases on secondary data. Time series data of daily futures and spot prices of Rubber for a period 
Methodology
Descriptive statistics have been computed, at first, for comparing the price trend as well as volatility prevailing in both spot and future markets for rubber in India. OLS (Ordinary Least Square) based co integration test, proposed by Engle and Granger (1987) has been used for computing optimal hedge ratio Hedge Ratio and Engle Granger's Co-integration Test
The hedge ratio compares the value of a position protected through the use of a hedge with the size of the entire position itself. A hedge ratio may also be a comparison of the value of futures contracts purchased or sold to the value of the cash commodity being hedged. Optimal hedge ratio is the number of future contracts that one should be tailored adequately to cover his risk of holding asset in spot market.
Engle and Granger (1987) introduced a very simple tool for the evidence of co-integration. It is an OLS (ordinary least square) based co-integration test, which has been used for comparing optimal hedge ratio in our analysis. We estimate the co-integration relationship between markets using the following equations.
ΔSt= β1 + β2ΔFt+….+ ei ΔFt= β1 + β2ΔSt+….+ ei
ΔSt -Price change in spot market price for rubber ΔFt -Price change for Future market for rubber Unlike other co-integration tests, Engle and Granger (1987) , in their seminal work, performed their own Monte Carlo simulation in order to construct critical values for co integration tests (Enders, 1995) Source: Compiled from secondary data During the pre-recession period, the average prices of rubber in spot and future markets in India were almost equal.
Results and Discussion
Descriptive
Convergence was quite revealing with regard to market volatility also. On observing skewness coefficient, rubber spot prices were almost normal while rubber prices in future market found slightly positively skewed ( Table 1) .
One could observe momentous changes in price behaviour of both spot and future rubber markets in India during post recession phase ( Table 2 ). The average prices of rubber have almost doubled during this period, while previous trend remained in price volatility in terms of coefficient of variation. None of the markets were strictly normal, despite spot market exhibited more symmetry in distribution of prices. Table1. Price movement in spot and future markets during pre-recession period: summary statistics
Hedging Efficiency of Rubber Future Market in India: Co integration results
The essence of the question raised in this research is to find out and compare the optimal hedge ratios in rubber derivatives market of India during pre and post-recession period. Optimal hedge ratio is the number of future contracts that one should be tailored adequately to cover his risk of holding asset in spot market. OLS (Ordinary Least Square) based co-integration test, proposed by Engle and Granger (1987) has been used for computing and comparing optimal hedge ratio.
If the variables included in the model are integrated at l(0), i.e. the level itself, even a classical regression model can produce robust conclusion regarding the evidence of co-integration (Asteriou and Hall, 2005) . When our research performed co-integration methodology suggested by Engle and Granger, we found the integration of Spot and Future market rubber prices at l(0), implying the adequacy of OLS framework in measuring optimal hedge ratio using co-integration technique. The results of co-integration during two distinct periods are reported in Continue to the trend in 2008, the rubber prices become volatile during post-recession period. However, first three years that is from 2009 to 2011, the hedge ratio slightly has reduced. After that, the next 6 years from 2012 to 2017 the study could not find stability in price change on account of which the hedge ratios continued to fluctuate. In all the years of observation during post-recession phase, the hedge ratio was high indicating almost equal value of future contract is needed to cover the risk exposure in rubber spot market. A close observation of these findings reveals the increased price volatility during the post-recession period have aggravated the traders exposure in forward market which is almost two times more than their exposure during pre-recessionary years.
Conclusion
The study, covering both pre and post recessionary years, examined the hedging efficiency of Indian rubber market.
The efficiency of future markets in hedging price risks of spot markets can be measured from temporal relations between the prices prevailing in two market segments. With the support of Engle Granger Co-integration framework the study confirmed the hedging efficiency of the rubber futures during both pre and post-recession periods.
However, increased rubber price volatility after recession have heightened the risk exposures in future market which is almost two times more than their exposure during pre-recessionary years. In sum, well designing of future contracts against current spot contracts enable the investors and traders in domestic rubber market of India to make speculative gains while hedging their risk exposure in spot markets.
Many limitations can be attributed to this study. This research uses relatively simple co-integration technique, Engle Granger model. for predicting long run causality from Future rubber prices to Spot rubber prices, thereby finding the optimal hedge ratio and the prediction of may be subject to estimation errors. For ensuring robustness in results one should use advanced econometric techniques with error correction mechanism. The climate conditions, farming and cultivation pattern as well as the supplies might be different in other country contexts. A study investigating the long run causal relations, with error correction framework, between spot and future prices of rubber from other leading Rubber producing countries can validate the findings on this issue. It is possible and definitely be value line of future research.
